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TITLE OF THE INVENTION 

FLEXIBLE BELLOWS-TYPE PIPE JUNCTION FOR JOINING SPACED PIPE ENDS 
PRIORITY CLAIM 

This application is based on and claims the priority under 35 
5 U.S.C. §119 of German Patent Application 103 01 374.1, filed on 
January 16, 2003, the entire disclosure of which is incorporated 
herein by reference. 

FIELD OF THE INVENTION 

The invention relates to a bellows-type boot or pipe junction for 
10 mechanically joining the ends of two pipes that are spaced apart 
from each other at a prescribed spacing and that are provided for 
conveying flowable media such as liquids or gases therein. The 
invention specially relates to a pipe junction arrangement of 
drain pipes for a drain mast in an aircraft. 

15 BACKGROUND INFORMATION 

A commercial passenger transport aircraft typically includes a 
drain mast through which wastewater or the like can be drained 
and expelled from the aircraft. In this context, an end of a 
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pipe extending from the drain mast must be connected to a 
counterpart end of a pipe extending from the aircraft fuselage. 
The two pipe ends must be joined in a mechanically tight and 
liquid-tight manner. With respect to the pipe junction, the pipe 
5 extending from the aircraft can be regarded as the in-feed pipe 
while the pipe extending to the drain mast can be regarded as the 
out-feed pipe. 

For installing a drain mast, these pipe ends are typically joined 
to each other by a bellows-type boot or pipe junction. However, 

10 due to construction and installation tolerances of the in-feed 
pipe and the out-feed pipe, the two pipe ends are not exactly 
aligned and exactly properly positioned relative to each other. 
As a result thereof, the pipe junction must be somewhat forced 
into place in order to try to accommodate or bridge the 

15 mis-alignments or tolerances, which gives rise to tensions or 
other stresses in the installed pipe junction, which often lead 
to damage such as tearing, puncturing, rupturing, or kinking of 
the pipe junction itself. Such damage especially arises due to 
the high degree of stiffness or rigidity of the conventionally 

20 known bellows-type pipe junctions in the area of the offset 
between the two pipe ends that are to be joined. 

SUMMARY OF THE INVENTION 

In view of the above, it is an object of the invention to provide 
a bellows-type boot or pipe junction for achieving a mechanically 
25 secure and liquid-tight and gas-tight connection between two pipe 
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ends, while allowing axial and radial offsets of the two pipe 
ends without giving rise to stresses in the pipe junction and 
without causing mechanical damage to the pipe junction. The 
invention further aims to avoid or overcome the disadvantages of 
the prior art, and to achieve additional advantages, as apparent 
from the present specification. The attainment of these objects 
is, however, not a required limitation of the invention. 

The above objects have been achieved according to the invention 
in a bellows-type pipe junction for joining the respective ends 
of an in-feed pipe and an out-feed pipe that are spaced apart 
from one another and that are provided and adapted to convey a 
flowable medium therein, such as a liquid or gas, or a flowable 
bulk material. According to the invention, the pipe junction 
includes a sleeve-shaped, preferably substantially cylindrical, 
inlet section that fits over and encloses the end portion of the 
in-feed pipe, a sleeve-shaped, preferably substantially 
cylindrical, outlet section that fits over and encloses the end 
portion of the out-feed pipe, and a flexible offset section that 
extends between and is respectively joined to the inlet section 
and the outlet section by respective flexible joints that provide 
a mechanically secure and liquid-tight and air-tight connection. 

Preferably, the entire pipe junction including the inlet section, 
the offset section, and the outlet section is integrally and 
monolithically formed from a single material, preferably a 
flexible material, such as rubber, an elastomer, or another 
flexible polymer. The flexible joints joining the opposite ends 
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of the offset section respectively to the inlet section and to 
the outlet section are integral or monolithic, flexible, folded 
bellows-type joints that allow some degree of axial and radial 
offsetting or movement between the inlet section and the offset 
section, and between the offset section and the outlet section, 
while maintaining a mechanically secure and liquid-tight and 
air-tight connection. 

Thereby, and due to the flexibility of the offset section itself, 
the inventive pipe junction is able to accommodate a certain 
range of radial or lateral as well as axial offset and tolerance 
between the two ends of the respective pipes, without excessive 
stresses arising in the pipe junction, so that damage of the pipe 
junction, such as tearing, kinking, rupturing or the like is 
avoided. 

Further preferred features of the invention are as follows. The 
upstream flexible joint at the in-feed end of the offset section 
can be arranged inside the end portion of the in-feed pipe. 
Thereby, this upstream flexible joint may comprise a folded or 
serpentine bellows-type joint between the inlet section and the 
offset section of the pipe junction, with this folded or 
serpentine bellows-type joint arranged inside the end of the 
in-feed pipe and engaging or receiving the pipe wall of the end 
of the in-feed pipe. 

In one particular embodiment, the downstream flexible joint at 
the out-feed, end of the offset section is arranged protruding 
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outside the pipe end of the out-feed pipe, and is internally 
protected through the arrangement of an annular lip seal 
protruding from the downstream end of the offset section of the 
pipe junction into the pipe end of the out-feed pipe. 

An alternative embodiment of the downstream flexible joint does 
not include an annular lip seal extending into the interior of 
the pipe end of the out-feed pipe, but has a folded or 
overlapping conical or funnel configuration of the bellows-type 
flexible joint. Namely, this joint configuration includes a 
flared funnel portion that flares conically outwardly from the 
pipe end of the out-feed pipe, and a folded or serpentine 
bellows-type transition from the downstream end of the offset 
section to the flared portion adjoining the pipe end of the 
out-feed pipe. This arrangement could be said to follow the 
principle of overlapping roof shingles. 

According to another feature of the invention, the outlet section 
of the pipe junction fitted onto and enclosing the end portion 
of the out-feed pipe may further include an axially compressible 
or crushable zone, e.g. in the manner of a cylindrical bellows 
including several circumf erentially extending folds or pleats 
having a sectional zig-zag configuration. Such a bellows pleat 
zone provides an additional axial adaptability to allow for a 
greater range of axial offsets and movement between the two pipe 
ends . 
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While the inlet section and the outlet section of the pipe 
junction are preferably cylindrical, they could have any 
tube-like or pipe-like configuration matching the configuration 
of the exterior of the respective pipe ends to be joined. For 
5 example, if the pipe ends have a square cross-section, then the 
inlet section and the outlet section of the pipe junction would 
also have a square cross-section. Generally, the inlet section 
and the outlet section are hollow shells having a shape and 
diameter or cross-section adapted to the shape, diameter and 
10 cross-section of the respective pipe ends to be joined. 

The arrangement of the pipe junction may further include pipe 
clamps or the like tightly encircling and clamping the free ends 
of the inlet and outlet sections of the pipe junction around the 
respective end portions of the pipes to be joined. These pipe 
15 clamps or the like can have any conventionally known 
configuration, construction, and utilization. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the invention may be clearly understood, it will 
now be described in connection with example embodiments with 
20 reference to the accompanying drawings, wherein: 

Fig. 1 is a schematic sectional view of a bellows-type pipe 
junction according to the invention tightly joining an 
end of an in-feed pipe to an end of an out-feed pipe 
of an aircraft drain mast; and 
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Fig. 2 is a schematic sectional view of another embodiment of 
a bellows-type pipe junction according to the 
invention generally similar to Fig. 1, but with a 
different configuration of the downstream flexible 
5 joint thereof. 

DETAILED DESCRIPTION OF PREFERRED EXAMPLE EMBODIMENTS AND THE 
BEST MODE OF THE INVENTION 

Fig. 1 schematically shows a bellows-type pipe junction 10 
according to the invention, for mechanically joining the 

10 respective free ends of two pipes, namely an in-feed pipe 8 and 
an out-feed pipe 9 in a liquid-tight manner. These pipes 8 and 
9, are, for example, pipes delivering water to a drain mast D of 
an aircraft A, for draining or expelling the water from the 
aircraft. In this context, the respective free ends of the two 

is pipes 8 and 9 are axially spaced or offset from each other, and 
may or may not be in radial alignment with each other along a 
single central axis as illustrated. Namely, there may also be 
a radial offset due to the non-alignment of the two pipe ends. 
The pipe junction 10 must accommodate and bridge these axial and 

20 radial offsets while joining the pipe ends of the pipes 8 and 9 
in a mechanically secure and liquid-tight manner. 

The bellows-type pipe junction 10 includes a hollow sleeve-shaped 
inlet section 5 that is fitted onto the outside of the end 
portion of the in-feed pipe 8, a hollow sleeve-shaped outlet 
25 section 6 that is fitted onto the outside of the end portion of 
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the out-feed pipe 9, and a flexible offset section 1 connected 
and extending between the inlet section 5 and the outlet 
section 6, Particularly, the upstream or inlet end 1A of the 
offset section 1 is joined via a flexible inlet joint 3 to the 
inlet section 5, while the downstream or outlet end IB of the 
offset section 1 is joined via a flexible outlet joint 2 to the 
outlet section 6. These two flexible joints 2 and 3 are each 
preferably an integral or monolithic continuation of the material 
of the offset section 1 on the one hand, and of the inlet section 
5 or outlet section 6 on the other hand, so as to form a 
continuous uninterrupted connection or joint between the offset 
section 1 and the inlet or outlet sections 5 or 6 . Furthermore, 
each joint 2 or 3 has a bellows configuration including at least 
one fold or serpentine undulation of the material forming the 
pipe junction, so as to provide flexibility along with a secure 
mechanical connection through the respective joint. 

The upstream or inlet joint 3 can be configured particularly to 
be arranged inside the open inner diameter of the pipe end of the 
in-feed pipe 8. In this regard, the flexible joint 3 includes 
three successively connected, coaxial, overlapping portions 
having different diameters and forming a Z- or S-shaped folded 
or undulating shape in cross-section between the inlet section 
5 and the offset section 1. The end of the pipe wall of the 
in-feed pipe 8 is received in a cylindrical space between the 
outer pairing of the undulations or serpentine folds, while the 
other space between the inner pairing of the undulations or 
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serpentine folds remains open to the outside and allows for 
flexibility in this joint location. 

It can also be seen that the upstream or inlet end 1A of the 
offset section 1 extends into the end portion of the in-feed pipe 
5 8 at this area, and includes a flaring or tapering end transition 
1A' adjoining and conically transitioning from the smaller inner 
diameter of the offset section 1 to the larger inner diameter of 
the in-feed pipe 8. 

At the opposite end of the offset section 1, namely at the 
10 downstream or outlet end IB, the offset section 1 preferably 
includes an annular lip seal 4 that extends into the interior or 
inner diameter of the end of the out-feed pipe 9. In this 
embodiment, the flexible joint 2 comprises an externally 
protruding folded or bellows-type rim joining the offset section 
15 1 to the outlet section 6. 

At least the outlet section 6 (but alternatively or additionally 
also the inlet section 5) may further include an axially 
compressible or crushable zone 7 in the manner of a pleated 
bellows, to provide a further degree of axial flexibility and 
20 adaptability. 

Fig. 2 shows a further embodiment of a bellows-type pipe junction 
10' according to the invention, which basically corresponds to 
the pipe junction 10 shown in Fig. 1, whereby corresponding 
components are labeled with the same reference numbers, and will 
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not be redundantly described here. The only difference between 
the embodiment of Fig. 2 and that of Fig. 1 relates to the 
configuration and construction of the pipe junction at the 
downstream or outlet end IB thereof. Namely, the pipe junction 
10' of Fig. 2 does not include an internal annular lip seal 4 
like the pipe junction 10, and has a different configuration of 
the flexible joint 2' in comparison to the flexible joint 2 of 
the pipe junction 10 of Fig. 1. 

In the present embodiment of the pipe junction 10 ' , the flexible 
joint 2' involves a folded bellows-type transition 11 that could 
be said to involve the principle of overlapping roof shingles or 
of a flared pipe joint, namely with a smaller-diameter pipe 
member inserted into the outwardly flared end of a second pipe 
member. Particularly, in the present context, the bellows-type 
transition 11 includes an outwardly flaring conical portion 11A 
that flares outwardly from the outlet section 6, and a folded or 
undulating bellows-type transition 11B that transitions from the 
pipe-shaped body of the offset section 1 to the larger-diameter 
flared portion 11A. This configuration of the bellows-type 
transition 11 allows for radial and axial adaptability or 
accommodation of tolerances. 

Although the invention has been described with reference to 
specific example embodiments, it will be appreciated that it is 
intended to cover all modifications and equivalents within the 
scope of the appended claims. It should also be understood that 
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the present disclosure includes all possible combinations of any 
individual features recited in any of the appended claims. 
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